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RESEARCH MEMORANDUM 

INVESTIGATION OF AN NACA SUBMERGED INLET 
AT MACH NUMBERS FROM 1.17 TO 1-99 


By Warren E. Anderson and Alson C. Frazer 
SUMMARY 


An investigation was conducted with an NACA submerged inlet at Mach 
numbers from 1.17 to 1.99- Total -pres sure ratio, mass-flow ratio, and 
static pressure distribution along the ramp and main body were obtained 
at angles of attack of 0° and 6° for a side inlet location. The effects 
of both a round and a sharp lip profile were investigated. 

The test results showed that the maximum total -pres sure ratio attain- 
able with the. submerged inlet decreased from 0.83 at a Mach number of 1.17 
to 0.52 at a Mach number of 1.99- A comparison at Mach numbers up to 1.26 
showed lip shape had no significant effect on pressure recovery, but the 
sharp lip m&de it possible to obtain slightly higher mass-flow ratios. 

Evaluation of submerged inlet performance at a Mach number of I .36 
showed that the net thrust coefficient was 87 percent of that for a 
normal -shock -type scoop inlet at the design mass-flow ratios. Increas- 
ing the Mach number to 1.51 reduced this value to 8l percent. 


INTRODUCTION 


Supersonic aircraft in many cases will be required to fly for 
extended periods of time at transonic and subsonic speeds. The air 
induction system for a jet-powered supersonic aircraft, therefore, will 
usually be a compromise between optimum designs for subsonic, transonic, 
and supersonic operating conditions. A practical inlet design must not 
only give high performance at design conditions, but must also satisfy 
requirements dictated by the off -design operating schedule* of the 
aircraft. 

The NACA submerged inlet was originally designed to operate at sub- 
sonic speeds (references 1 and 2) and has been shown to operate efficiently 
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at high subsonic and transonic speeds (references 3 to 6) . These 
results indicate that the submerged inlet may be applicable in the 
design of supersonic aircraft. The purpose of the present investiga- 
tion was to measure the performance of a submerged inlet at supersonic 
speeds and to compare its performance with that of a normal-shock-type 
scoop inlet. This latter inlet is believed to have good performance in 
the lower range of supersonic Mach numbers where the submerged inlet 
also could be expected to operate satisfactorily. 


NOTATION 


cross-section area of duct or stream tube, square feet 




CPi* 

c v 




De 


component of area normal to free -stream direction, square feet 


external drag coefficient of air induction system 




scoop incremental drag coefficient 


'IoAd 


internal thrust coefficient 


inlet net thrust coefficient 


(j±-) 

\<lcAo/ 

(—) 


inlet net thrust coefficient referred to engine frontal 

fit) 

\ <lo s P/ 


area 


external drag force due to the air -induction system 
( d B+S - Db + D s)> P ounds 


J B+S 




Dc 


pressure and friction drag forces acting on the external 
surface of the combined basic body and air-induction 
system, pounds 

pressure and friction drag forces acting on the basic body 
shape (fuselage) without an air inlet, pounds 

scoop incremental drag due to a change in total momentum, of 
the entering stream tube from ,free stream to the entrance, 
pounds r [CV 
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mi 

mo 

P 

P 

q. 

R 

S p 

u 

U 

V 

y 

a 

V 
P 



internal thrust force due to a change in total momentum of the 
entering flow from free stream to the exit where static 
pressure is assumed equal to free -stream static pressure, 
pounds 

inlet net thrust (f^ - Dp), pounds 

total pressure, pounds per square foot 
forebody length, feet 
Mach number 

mass flow, slugs per second 


mass -flow ratio 


aJ PiViAi 

^ PqVqA i 


static pressure coefficient ( ^ ) : / 

static pressure, pounds per square foot 


dynamic pressure 


(i pv2 > 


pounds per square foot 


Reynolds number ^ — 


engine frontal area, square feet 

local velocity in boundary layer, feet per second 

local velocity immediately outside boundary layer, feet 
per second 

velocity, feet per second 

normal distance from surface, inches 

angle of attack, degrees 

kinematic viscosity, feet squared per second 
mass density, slugs per cubic foot 
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Subscripts 


o 


free stream 


l 


inlet station (0.10 inch behind lip leading edge) 


diffuser exit 


3 


settling chamber (rake station) 


E 


exit station 


Z 


local 


APPARATUS 


Wind Tunnel and Model 


The investigation of an NACA submerged inlet at supersonic Mach 
numbers was performed in the Ames 8- by 8-inch supersonic wind tunnel. 
The tunnel and its auxiliary equipment are described in reference 7-. 

Ttie test Reynolds number per foot of length was approximately 7 million 
at the lowest Mach number (1.17) and 11 million at the highest Mach 
number (1.99) • 

The model was a l/V-scale reproduction of the submerged inlet model 
used in reference 5» A photograph of the model mounted in the wind 
tunnel is shown in figure 1 and a drawing showing the model dimensions 
is presented in figure 2. The model was placed outside the influence 
of the tunnel -wall boundary layer by use of a mounting plate as shown 
in both figures 1 and 2. 

The model was cast from a bismuth and tin alloy, consisting of 
equal parts by weight, and then was hand worked to the final contour. 
Both the round- and sharp-lip profiles which were investigated are ^ 
shown in figure 3. The external surface of the sharp lip was inclined 6 
to the free-stream direction. The cross -sectional -area distributions in 
the diffuser aft of the lip leading edge for both lips are shown in 
figure 1*-. 


The model instrumentation is shown in figure 5* Total pressures 
measured in the diffuser, aooroximately at station 7 • 20 , by a 


Instrumentation 



were 
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five-tube total -pres sure rake. A static orifice measurement which 
indicated the total pressure at the diffuser wall was also obtained. 

Each measurement was weighted equally to obtain an average total 
pressure. Static pressure orifices were located along the ramp center 
line from station 0.65 to station 5.15 which was 1.25 inches downstream 
from the lip leading edge. Static orifices were also located along the 
ramp and body near the intersection with one of the sidewalls. 

Boundary -layer profiles were measured on the ramp center line 
approximately 0.20 inch forward of the lip leading-edge station. 
Measurements were made with a single probe tube which was adjustable 
from outside the wind tunnel. 

Air flow was induced through the inlet by two constant-speed vacuum 
pumps . The air passed from the inlet and diffuser into a rotameter out- 
side the wind tunnel where the mass flow was measured. A valve located 
in the line between the model and the rotameter was used to control the 
mass flow. 

All pressure measurements were recorded photographically from a 
back -lighted multiple-tube mercury manometer. The flow about the model 
was observed and photographed through a two-mirror schlieren system. 


TEST PROCEDURE 


To eliminate the effect of wind-tunnel boundary layer on the test 
results it was necessary to mount the model away from the tunnel wall. 
The approximate thickness required for the model mounting plate was 
determined from a boundary-layer survey made on the wind-tunnel wall at 
the model nose station. The boundary-layer profile was found to be 
essentially unchanged over the Mach number range from 1.17 to 1.4-1 and 
was assumed to remain unchanged at the higher test Mach numbers. Pre- 
liminary measurements of pressure recovery and mass -flow ratio were 
obtained with the model installed to determine the exact mounting -plate 
thickness. It was found by testing several plate thicknesses that with 
a plate thickness 75 percent of the boundary-layer thickness, based on 
a value of u/u equal to 0.99, the effect of the wind-tunnel bovmdary 
layer on the test results appeared to be eliminated. A static pressure 
needle was attached to the nose of the model for the purpose of deter- 
mining the exact free-stream Mach number . (See fig. 5 • ) After the 
test Mach numbers were determined the needle was removed because separa- 
tion of the needle boundary layer, due to the body bow wave, affected 
the inlet performance. 

The test Mach numbers were 1.17 and 1.26 for the round-lip con- 
figuration and varied from 1.17 to 1.99 for the sharp-lip configuration. 
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Total -pres sure recovery in the model settling chamber (H 3 /h 0 ) and 

static pressure distribution along the ramp were measured over a range 

of mass -flow ratios at each Mach number. The range of mass -flow ratios • 

extended from the maxi mum value for the inlet to a minimum value which 

was within the region of flow instability. Boundary -layer profiles 

were measured at one point on the ramp for several representative mass- 

flow ratios at each Mach number . 

The following table indicates the data presented in this report: 


Mo 

Lip shape 

Data presented 

H 3 /H 0 

mj/nio 

Pres stir e 
distribution 

Boundary-layer 

profiles 

1.17 

Round 

X 

X 

- - - 

- _ _ 

1.17 

Sharp 

X 

X 

X 

X 

T. 26 " 

Round 

X 

X 

- - - 

- - - 

1.26 

Sharp 

X 

X 

- - - 

X 

1.33 

Sharp 

X 

X 

- - - 

X 

1.4l 

Sharp 

X 

X 

X 

X 

1.58 

Sharp 

X 

X 

- - - 

- - - 

1.77 

Sharp 

X 

X 

- - - 

- - - 

1.99 

Sharp 

X 

X 

- - - 

- - - 


RESULTS AND DISCUSSION 
Pressure Recovery and Mass -Flow Ratio 


Total -pres store -ratio and mass -flow-ratio characteristics of the 
submerged inlet were obtained for model angles of attack of 0° and 6°. 
Initial tests were conducted using a round-lip profile and the results 
are shown in figure 6 for Mach numbers of 1.17 and 1.26. Because the 
maximum mass-flow ratio and total -pres sure ratio were low, further 
tests were made using a sharp lip in an effort to improve the perform- 
ance of the inlet. The internal contraction due to the lip shape (see 
fig. V) was removed so as to permit attachment of the lip shock wave 
at low supersonic Mach numbers. Results of these tests are shown in 
figure 7 for Mach numbers of 1.17 to 1.99 at a = 0° and for Mach 
numbers of 1.17 to 1.4-1 at a = 6°. 

The maximum pressure recovery for both lip shapes at an angle of 
attack of 0° and a Mach number of 1.17 vas approximately O.83. The 
maximum mass-flow ratio at these test conditions was O.83 for the round 
lip and 0.85 for the sharp lip. Increasing the Mach number to 1.26 for 
both lip configurations only slightly affected the maximum mass-flow 
ratio, but reduced the maximum pressure recovery ratio to about 0.80. 
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Investigation of the sharp lip at Mach numbers above 1.26 showed 
that the maximum total -pres sure ratio continued to decrease with increas- 
ing Mach numbers. At the maximum test Mach number. Mo = 1.99* the maxi- 
mum total -pressure ratio was only 0.52 or about J2 percent of the total- 
pressure ratio which would occur across a normal shock wave at the same 
Mach number. The maximum mass-flow ratio remained essentially constant 
for Mach numbers up to Mq = 1.58. For further increases in Mach number, 
the maximum mass-flow ratio decreased. Schlieren observations showed a 
nearly normal shock wave present on the ramp immediately forward of the 
entrance for all Mach numbers up to Mq = 1.58. At this Mach number the 
shock wave became attached to the sharp lip at the maximum mass-flow 
ratio. The entrance Mach number then increased from a subsonic value to 
a supersonic value greater than Mq since the flow was accelerated due 
to the turning angle on the ramp. As a result of these flow conditions 
at the entrance, increasing the free-stream Mach number above 1.58 
caused a decrease in local inlet air density which resulted in a decrease 
in the maximum mass -flow ratio. 

Increasing the angle of attack of the submerged inlet to 6° (figs. 6 
and 7) reduced both the pressure recovery and mass -flow ratio at all Mach 
numbers. The pressure recovery was reduced by about 0.05 and the mass- 
flow ratio was reduced by 0.03 at the Mach numbers shown in figures 6 
and 7 • These increments agree qualitatively with those of reference 5 
which also utilizes a half body of revolution for the basic body. 


Static Pressure and Mach Number Distribution 


The distribution of the static pressure coefficient along the ramp 
center line is shown in figure 8 for the inlet with the sharp lip. The 
distribution over the basic body in the vicinity of the inlet has been 
estimated using available characteristic solutions and is also shown. 
Data are presented for representative mass-flow ratios at Mach numbers 
of 1.17 and 1.4l. The flow is compressed through the bow wave and then, 
as shown, expands over the nose of the body and continues to expand 
rapidly along the inlet ramp until, at a station slightly forward of the 
lip leading edge, a static pressure coefficient is reached which is 
considerably less than the free-stream value. At this point a nearly 
normal shock wave occurs at all mass -flow ratios. The exact location 
of this shock wave is not shown in figure 8 because of an insufficient 
number of static orifices on that portion of the ramp. For mass -flow 
ratios less than that for maximum pressure recovery, the shock wave is 
followed by subsonic compression of the flow inside the diffuser. As 
the mass -flow ratio is increased above the value for maximum pressure 
recovery, the flow inside the diffuser re -expands and at the maximum 
mass -flow ratio again becomes supersonic, as indicated by the value of 
^critical* This supersonic flow terminates in a second normal shock 
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wave which is also indicated by the rapid decrease in pressure recovery 
at the maximum mass-flow ratios shown in figure 7* Data which are not 
presented show the static pressure distribution was relatively unaf- 
fected by lip shape; however, the re-expansion inside the diffuser was 
slightly more rapid when the round lip was used. This was a result of 

the internal contraction due to the lip curvature. Mention should also 

be made of the effect of the basic body on the ramp expansion. It is 

seen in figure 8 that if the inlet were placed at a station on the 

basic body where the free-stream Mach number exists, the final Mach 
number to which the flow is expanded on the ramp would be considerably 
reduced. This expansion due to the basic body will be shown in later 
discussions to have a considerable adverse effect on inlet performance. 

The Mach number distribution along the ramp and into the first 
portion of the diffuser is shown in figure 9 for the mass-flow ratios 
giving maximum pressure recovery at free-stream Mach numbers from 1.17 
to l.kl. The maximum Mach number on the ramp occurs immediately forward 
of the ramp shock wave and is considerably higher than the free-stream 
Mach number. The effect of this flow acceleration on the maximum mass- 
flow ratio is shown in the table below where the maximum measured mass- 
flow ratio (m 1 /m 0 ) max is compared to the maximum attainable mass-flow 
ratio n^'/mo which is based on the maximum ramp Mach number. This 
quantity, nio’/m represents the maximum possible mass-flow ratio which 
could be obtained if the external-ramp shock wave moved inside the 
diffuser . 


Mo 

(~) 

m o T 

( m i A^)mRx 

\ mo /inax 

mo 

mo 1 /vOq 

1.17 

0.855 

0.890 

0.961 

1.26 

.851+ 

.882 

.969 

1.33 

.81+8 

.871 

.97*+ 

1.4l 

.866 

.869 

• 997 


The values of mo’ /mo are considerably less than 1.00 as a result of 
the expansion on the ramp, and the maximum measured mass-flow ratio 
varies from. 9^ "to aJjnosf 100 perceirt of fliis maximum possible value. 
These results indicate the relative unimportance of mass-flow spillage 
compared to the flow expansion in reducing the maximum mass-flow ratio 
of the submerged inlet. 


iphe quantity nh/mo* approaches 1.00 even though the decrement in mass 
flow due to the boundary layer was not considered in calculating 
mo'/mo* This decrement is small and may be balanced by the possible 

error, ±2 percent, involved in the calculation. 
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Boundary Layer 


The boundary-layer velocity profiles presented in figure 10 offer 
a possible explanation for the character of the internal flow behind 
the lip leading edge. (See fig. 8.) The profiles shown were measured 
on the ramp center line approximately 0.20 inch forward of the sharp- 
lip leading edge. The boundary-layer profiles obtained when using the 
round lip were almost identical to those shown for the sharp lip. 

The profiles indicate that the flow at the survey station was 
almost separated at the lower mass -flow ratios for all Mach numbers 
shown. Increasing the mass-flow ratio reduced the tendency to separate 
and all profiles not influenced by separation are almost identical 
regardless of mass-flow ratio or Mach number . From these characteris- 
tics it seems possible that separation actually occurred a short 
distance downstream of the survey station and moved rearward as the 
mass-flow ratio was increased. Schlieren photographs show that the 
external shock wave also moved toward the entrance. Shock -wave interac- 
tion with the boundary layer could have caused the onset of separation. 

The occurrence of flow separation near the duct entrance could be 
expected to alter the pressure distribution along the internal duct 
because the separated region would effectively change the longitudinal 
distribution of the duct cross-sectional area. With the point of sepa- 
ration well forward of the inlet, the separated region would not reduce 
the effective duct area distribution in a manner which would disrupt 
the diffusion process. This was probably the case at low mass-flow 
ratios and resulted in a steady rise in static pressure with increasing 
‘distance downstream of the inlet. (See fig. 8.) At high mass-flow 
ratios, it is believed that the separation point moved sufficiently 
close to the inlet to allow the abrupt initial increase in thickness of 
the separated region to cause a contraction or an effective throat 
within the diffuser. This throat caused the internal flow to accelerate 
and become sonic at free -stream Mach numbers below 1.58. In this Mach 
number range an external shock wave exists and it would be expected that 
when the internal flow became sonic, the maximum mass -flow ratio was 
also obtained. At Mach numbers greater than 1.58 the shock wave moved 
into the diffuser and itself limited the mass -flow ratio. 

Although the boundary-layer separation was believed to be the 
primary factor in establishing the sonic throat, inlet geometry also 
influenced this condition. The effects of geometric contraction due 
to the round lip have previously been mentioned. A discontinuity in 
slope of the ramp surface at the entrance station as shown in figure 2 
may also have been a contributing factor. 
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Comparison With Previous Submerged Inlet Tests 


A comparison is shown in figure 11 of the maximum total -pressure 
recovery as measured in the present investigation ( curve A) with similar 
data from tests of larger scale submerged inlets at transonic speeds. 

Data for this comparison were taken from references 5 a-nd 6. The maxi- 
mum test Mach numbers of these investigations approached the minimum 
Mach number of the present investigation. If the referenced data are 
extrapolated to a Mach number of 1 . 17 , the pressure recovery of the 
present submerged inlet at this Mach number is approximately 8 to 10 per- 
cent lower than that of the inlets tested at transonic speeds. It is 
believed that this difference is not excessive when consideration is 
given to the differences in model scale and shape as well as to the dif- 
ferent test conditions. In this regard, it should be mentioned that the 
pressure recovery shown for reference 5 represents conditions at the 
entrance to the subsonic diffuser rather than at the exit, as in the 
case of the present investigation. Under normal subsonic entrance con- 
ditions the subsonic diffuser efficiency would be about O.96, which, 
when applied to the results of reference 5, would give a pressure 
recovery of about O.89 at the diffuser exit. The fact that evidence of 
boundary-layer separation was obtained in the present investigation but 
was not shown in reference 5 could account for much of the remaining 
difference in pressure recovery between the two models. It is believed 
that separation was prevented in reference 5 because of the lower test 
Mach number and possibly because of the favorable pressure gradient on 
the surface of the transonic bump which was used for the investigation. 

For the model of reference 6, the duct entrance was located near 
the body station at which the local Mach number was near that of the * 
free stream, whereas, in the present investigation, the local Mach 
number at the entrance station on the body was approximately 0.20 
greater than the free-stream value. This increase in inlet Mach number 
due to the body was in addition to that due to the flow expansion on 
the ramp. As a result, the normal-shock pressure losses were increased, 
which in turn reduced the total-pressure recovery. A curve which has 
been corrected for the body effect on the maximum pressure recovery of 
the present investigation is shown in figure 11 . This curve, B, was 
obtained by transferring the values of maximum pressure recovery, as 
obtained at the test Mach numbers, to higher Mach numbers approximately 
equal to those which exist on the basic body at the inlet station. By 
extrapolating the above curve, good correlation was obtained with the 
results of reference 6. It is clearly indicated that for minimum losses 
in pressure recovery and mass-flow ratio the inlet-body combination 
should be carefully selected to obtain the minimum Mach number at the 
duct entrance. 
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All remaining comparisons in this report involve the conditions of 
curve B which considers the submerged inlet to be located so that the 
entrance is at the free-stream Mach number station on the basic body. 


To adequately evaluate the performance of the submerged inlet at 
supersonic Mach numbers, it is essential that its performance be com- 
pared with that of an inlet which gives good performance at the lower 
supersonic Mach numbers where the submerged inlet could be expected to 
be efficient. A normal-shock scoop inlet located at a position on a 
body at which the Mach number is that of the free stream has been 
selected for this comparison. 

In figure 11, the maximum pressure recovery calculated for an 
ideal normal-shock scoop inlet with boundary layer removed is shown 
for Mach numbers from 1.0 to 2.0 by curve D. This recovery is equal 
to 96 percent of normal-shock-wave pressure recovery at the free-stream 
Mach number (the factor of 96 percent is assumed to account for sub- 
sonic diffuser efficiency) and is considerably higher than the recovery 
shown for the submerged inlet, curve B. This difference is a result of 
the submerged inlet being subjected to the increased losses due to flow 
expansion on the ramp and the effects of boundary layer. The relative 
amount of each of these losses is approximated in figure 11 by plotting 
the estimated maximum pressure recovery for an ideal submerged inlet, 
curve C. For this curve, 96 percent of the normal-shock pressure recov- 
ery at the maximum ramp Mach number is plotted as a function of the 
free-stream Mach number (inlet station at the free-stream Mach number 
point on the body). The loss increment between curves D and C then 
represents the increased shock losses experienced by the submerged 
inlet because of flow acceleration on the ramp. The effects of the 
boundary layer on the internal flow of the submerged inlet are believed 
to account for a large portion of the loss shown between curves C and B. 
In the lower range of supersonic Mach numbers, the adverse effect of 
boundary layer on inlet pressure recovery is considerably greater than 
that which is due to flow acceleration. 

To ascertain the over-all performance of the submerged inlet and 
the normal-shock inlet, net thrust coefficients were calculated for the 
inlets represented in curves B and D of figure 11, using the method 
presented in reference 8. This method considers both the thrust and 
drag of an air-induction system in combination with a propulsive unit. 
Drag measurements were not obtained in the present investigation; how- 
ever, the external pressure drag of the submerged inlet was estimated 
from the pressure distribution measurements on the ramp floor and side 


INLET EVALUATION 



Aq, was computed 
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as outlined in the appendix of the present report. Similar computations 
were made for the normal. -shock-type scoop inlet, using the data obtained 
for the open-nose model A of reference 9* The minimum external drag 
coefficient as measured in the above reference was arbitrarily increased 
hy 50 percent to account for the drag of the houndary-layer gutter which 
would he necessary in order to make the entrance conditions for a scoop- 
type inlet comparable to those for an open-nose -type inlet. Limited data 
available on the drag of such a gutter show this to he a conservative 
estimate. Since the pressure drag is small for both inlets, however, the 
accuracy of the estimates is not critical in the final comparison of net 
thrust coefficients. 

In the notation of reference 8, is a measure of the thermal 

efficiency of an air-induction system for a given fuel-air ratio. This 
term can he converted to indicate the relative thrust outputs of differ- 
ent air-induction systems in combination with a given engine if a refer- 
ence area is used which is unaffected hy inlet operation. For this 
purpose, the net thrust coefficient Aip^p, based on the engine frontal 

area Sp, was computed for both inlets from the following expression: 


The requirement of a fixed corrected weight of air for a given engine 
relates the inlet areas as follows: 


It must be assumed that the required changes in inlet areas have no appre- 
ciable affect on the basic inlet characteristic curves. In figure 12, 
the net thrust coefficients of the two inlets are compared over a range 
of similar operating conditions. The comparison is made at Mach numbers 
of 1.36 and 1.51, using both a turbojet and a turbojet with afterburner. 
For a turbojet at a Mach number of I. 36 , the net thrust coefficient with 
the submerged inlet is 87 percent of that with the scoop inlet at optimum 
mass -flow-ratio conditions defined as follows: 2 





1.00 


a The value of (m 1 /m 0 )design is taken as the mass-flow ratio for 
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Increasing the Mach number to 1.51 reduces this value to 8l percent and 
further reductions are evident at all mass-flow ratios below the optimum. 
The comparison is only slightly affected by using a turbojet engine with 
afterburner in place of the turbojet alone. 


CONCLUDING REMARKS 


An experimental investigation of an NACA submerged inlet was con- 
ducted at Mach numbers from 1.17 to 1.99* A comparison at Mach numbers 
up to 1.26 showed the effect of lip shape to be small. Maximum total- 
pressure recovery with the sharp lip decreased from 0.83 at a Mach number 
of 1.17 to 0.52 at a Mach number of 1.99; however, with an optimum inlet- 
body combination these values of pressure recovery could be substantially 
increased. 

An evaluation of inlet performance showed that the submerged inlet 
located at an optimum body position will give a lower net thrust coeffi- 
cient than an equivalent normal-shock -type scoop inlet at Mach numbers 
of I.36 and 1.51. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif. 
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APPENDIX 


SUBMERGED INLET NET THRUST COEFFICIENT 



The net thrust coefficient as defined in reference 8 is 

C F N ' “ c Fi' ’ C D E ' 
or 

% “ F i - Dg (l) 

Referring to the simplified sketch above and using AM to denote a 
change in total momentum of the entering stream tube, 


Fj. = AMq_i + AM x _ e = AMo-e (2) 

De = Db+S “ Db + ^Mo-i (3) 

The quantity D^g - Dg is equal to the external pressure and friction 
drag force due to the air-induction system 

d B+S " ®B = DEq_i + DEi-e 


For the submerged inlet assume 
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Then 


d B+S " Db = De 0 -i = 2D Ew + ^Er 


(*) 


The terms Dj>^ and are values obtained by integration of the external 

pressure forces on the ramp and ramp side walls, respectively. 


I) Er 


-l 


inlet station 


(Pi 




ramp L.E. 
inlet station 


(P? 


'-'wall L.E. 


- Po ) 

- Po) dAx 


The term AMo-i is merely the change in total momentum of the entering 
stream tube from free -stream conditions to conditions at the inlet and is 
called scoop incremental drag as suggested in reference 10. 3 


AMq.-l = mj/Vi - V Q ) + (p x - p Q ) A x = D s 


(5) 


Finally 

n inlet station p inlet station 

I>E = / (P z - P Q ) <iA x + 2 / (p 

'-'ramp L.E. J vall L.E. 

m i( v i " V 0 ) + (P x - P Q ) A;l 

In coefficient form and using equations 1, 3> 4, and 5, 


l 


P 0 ) ^Ax + 
( 6 ) 


°V - <V - ( 2 % w + c % + %) <T> 

The internal thrust coefficient, is dependent upon operating 

characteristics of the propulsive unit and the total -pres sure recovery 
at the compressor intake. Curves showing the variation of C-p. 1 over a 
range of H 3 /h q values at various Mach numbers for altitudes above 
35,000 feet are shown in reference 8. 


0 ■ ■ — 

Further considerations of the stream-tube momentum change forward of the 
entrance station are extensively discussed in references 11 and 12. 
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Figure 1.- Photograph of MCA submerged-inlet model mounted on the top wall of the Ames 

8- by 8-inch supersonic wind t un nel . 
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Note: 


All dimensions in inches unless otherwise noted. 
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Figure 2 - Submerged-inlet model. 


NACA RM A52F1T 


21 


Figure 4. 
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Figure 3- Details of round- and sharp-lip profiles. 
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Figure 5. —Instrumentation of submerged inlet mode I. 
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Figure 6.- Variation of total-pressure ratio with mass-flow ratio 
for a submerged inlet with round tip. 
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Figure 7.- Variation of total-pressure ratio with mass- flow ratio 
for a submerged inlet with sharp tip. 
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Figure 8.- Variation of pressure coefficient along ramp and duct 
center line with mass- flow ratio for a submerged inlet with 
sharp lip. a = 0*. 
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Figure 9. - Variation of local Mach number along ramp center 
line for several free-stream Mach numbers at maximum 
pressure recovery. Sharp Up, a-0 * 
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Figure 10 Variation with mass-flow ratio of boundary-layer 
profile on ramp center line slightly forward of lip leading- 
edge station. Sharp lip, a -0*. 
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Present submerged-inlet model, sharp tip, 
diffuser conditions, Re - 2.36 xiO 6 
□ Reference 5, entrance conditions, Re - 5.25 x to 6 
O Reference 6, diffuser conditions, Re - 22.80 xiO 6 
Note : Reynolds number based on forebody length given 

for M 0 :I.I7 
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Figure / / A comparison of the variation of maximum pressure 
recovery with Mach number for several submerged inlets and 
an idea! normal-shock inlet. 
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Figure 12.- Variation of the ratio of net thrust coefficients 

with inlet operating conditions. 
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